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(54) VACUUM CIRCUIT BREAKER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vacuum circuit breaker which has good current 
breaking characteristics through stabilizing the reignition of arc characteristics. 
SOLUTION: A contact of this vacuum circuit breaker is made from sintered or infiltrated 
copper-chromium alloy whose metallographic structure consists of chromium griains 
surrounded with copper matrix, and then micro Vickers hardness Hv of the copper matrix in 
the copper-chromium which is cooled to room temperature after heat treatment from 750°C to 
950°C is more than 60, and at the same time micro Vickers hardness Hv of the chromium 
grains whose diameters are larger than 20 [itn is less than 240. By this constitution, surface 
damage of the breaker contact due to mechanical force when the contact is opened or closed 
or due to arcing can be reduced, and so the reignition of arc characteristics can be stabilized. 
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BASIC-ABSTRACT: 

NOVELTY - The vacuum circuit breaker contains copper chromium (CuCr) alloy 
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The copper matrix phase in CuCr alloy has micro Vickers hardness of 60 or more 
after heat processing at 750-950 deg. C and after cooling to room temperature. 
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USE - For vacuum bulbs. 

ADVANTAGE - The vacuum circuit breaker has stabilized reignition 
characteristics and excellent electric current barrier property. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Consist of a CuCr alloy after sintering constituted from a Cr particle and a Cu phase which 
. encloses this, or infiltrating, and said CuCr alloy is received. The time of cooling even to a room 
temperature, after giving heat treatment with a temperature of 750-950 degrees C, The micro- Vickers- 
hardness value Hv of Cu matrix phase in said CuCr alloy is 60 or more. And the vacuum circuit breaker 
characterized by having the contact whose micro-Vickers-hardness value Hv of Cr particle with the 
larger particle diameter of the Cr particles in said CuCr alloy than 20 micrometers is 240 or less. 
[Claim 2] Cr particle which made 1st Cr particle which has the particle diameter of the range of 60-300 
micrometers among Cr particles 50 % of the weight or more, Consist of a CuCr alloy after sintering 
constituted from a Cu phase which encloses this, or infiltrating, and said CuCr alloy is received. The 
time of cooling even to a room temperature, after giving heat treatment with a temperature of 750-950 
degrees C, The micro-Vickers-hardness value Hv of Cu matrix phase in said CuCr alloy is 60 or more. 
And the vacuum circuit breaker characterized by having the contact whose micro-Vickers-hardness 
value Hv of Cr particle with the larger particle diameter of the Cr particles in said CuCr alloy than 20 
micrometers is 240 or less. 

[Claim 3] Cr particle which made 1st Cr particle which has the particle diameter of the range of 60-300 
micrometers among Cr particles 50 % of the weight or more, and made 2nd Cr particle with a particle 
diameter 44 micrometers or less 50 or less % of the weight, Consist of a CuCr alloy after sintering 
constituted from a Cu phase which encloses this, or infiltrating, and said CuCr alloy is received. The 
time of cooling even to a room temperature, after giving heat treatment with a temperature of 750-950 
degrees C, The vacuum circuit breaker characterized by having the contact whose micro-Vickers- 
hardness value Hv of Cr particle with a larger particle diameter than 20 micrometers the micro-Vickers- 
hardness value Hv of Cu matrix phase in said CuCr alloy is 60 or more, and is 240 or less. 
[Claim 4] 1st Cr particle with the particle diameter of the range of 60-300 micrometers 50 % of the 
weight or more, Cr particle group which made 3rd Cr particle which has a particle diameter between 
said 1st Cr particle and 2nd Cr particle for 2nd Cr particle with a particle diameter 44 micrometers or 
less 50 or less % of the weight 10 or less % of the weight, Consist of a CuCr alloy after sintering 
constituted from a Cu phase which encloses these, or infiltrating, and said CuCr alloy is received. The 
time of cooling even to a room temperature, after giving heat treatment with a temperature of 750-950 
degrees C, The vacuum circuit breaker characterized by having the contact whose hardness value Hv of 
Cr particle with a larger particle diameter than 20 micrometers the hardness value Hv of Cu matrix 
phase in said CuCr alloy is 60 or more, and is 240 or less. 

[Claim 5] The vacuum circuit breaker according to claim 1 to 4 characterized by for the sum total of said 
Cr particle being 5 - 60 % of the weight, and the remainder being Cu. 

[Claim 6] The vacuum circuit breaker according to claim 1 to 5 characterized by permuting said a part of 
Cr particle by one chosen from less than 50% of the weight of Ti, V, Nb, Ta, W, and Mo. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncip... 6/16/05 



JP,2002-008499,A [CLAIMS] Page 2 of 2 

[Translation done.] 



http ://www4.ipdl.ncipi .goj p/cgi-bin/tran_web_cgi__ejj e?u=http%3 A%2F%2Fwww4.ipdl .ncip . . . 6/16/05 



JP,2002-008499,A [DETAILED DESCRIPTION] Page 1 of 1 1 

^ * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vacuum circuit breaker equipped with the 

outstanding operating characteristic and the restrike control property. 

[0002] 

Prescription of the Prior Art] The contact of the vacuum bulb on which current cutoff is made to 
perform in a high vacuum consists of the immobilization and two movable contacts which counter using 

the arc diffusibility in the inside of a vacuum. 

[0003] Control of generating of a restrike phenomenon serves as important requirements at everything 
but fundamental 3 requirements for high current the withstand voltage engine performance, and 

the joining-proof engine performance at the vacuum circuit breaker. 

[0004] However, it is impossible to satisfy all requirements with a single metal kind on relation with an 
opposite thing into these requirements. In many contact materials which are used for this reason 
combining two or more sorts with which the engine performance running short is compensated mutually 
of metals, metals, and compounds - for example, the object for high currents and a high proof pressure, 
although the vacuum bulb with the property which selection adoption of the contact material which 
suited the specific application like business was performed, and was excellent as it is is developed The 
actual condition is that the vacuum bulb with which it is satisfied of the demand which furthermore 
becomes strong enough is not yet obtained. 

[0005] For example, the Cu-Cr alloy (JP,45-35101,B) which made Cr contain about 50% of the weight 
is known as a contact aiming at high current cutoff nature. The Cr itself holds the vapor pressure 
property of Cu and an abbreviation EQC, and this alloy realizes high-tension high current **** by 
effectiveness, Uke a getter operation of powerful gas is shown, and is used abundantly as a contact 
which may reconcile a high proof -pressure property and mass cutoff nature. 
[0006] Since Cr with high activity is being used for this alloy, it is using as the contact product, 
manufacturing a contact raw material, fully considering selection of raw material powder, mixing of an 
impurity, management of an ambient atmosphere, etc., or considering processing to a contact piece from 
a contact raw material (sintering process etc.). 

[0007] However, even if it is the contact manufactured while adding such consideration, generating of 
restrike is seen, the case where this serves as a trigger and reduces the cutoff engine performance is seen, 
and the improvement is desired. 
[0008] 

[Problem(s) to be Solved by the Invention] As contribution of the vapor pressure property in both high 
temperature approximating the CuCr contact, also after intercepting, a contact front face shows a 
comparatively smooth breakage property, and demonstrates the stable electrical property. However, in 
recent years, as a result of performing daily much more high current cutoff and adaptation in the circuit 
where high tension may be impressed more, induction of restrike has come to be seen according to the 
surface state at the time of the new article processed as a contact, the faulted condition on the front face 
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, of a contact after current cutoff, etc. That is, on the surface state at the time of processing, and the 
contact front face damaged and exhausted in abnormalities by current cutoff, it becomes the cause which 
causes abnormality lifting of the contact resistance at the time of closing motion of the following 
stationary current, and abnormahty lifting of temperature, or poor withstand voltage is shown and it has 
become tfie cause of restrike generating. 

[0009] According to research, it became clear that it depended for the restrike property and operating 
characteristic of a CuCr alloy on fluctuation of the amount of Cr(s) in an alloy, the particle size 
distribution of Cr particle, extent of the segregation of Cr particle, extent of the hole which exists in an 
alloy, etc. However, in spite of advancing the optimization, by severe-ization of the adaptation situation 
in recent years mentioned above, dispersion was still seen and the vacuum bulb which had both 
properties has been needed. 

[0010] The object of this invention is to offer the vacuum circuit breaker which was made to stabilize a 

restrike property and \yas excellent in the current operating characteristic. 

[0011] 

[Means for Solving the Problem] In order to attain the object of the above-mentioned invention, the 
vacuum circuit breaker concerning this invention according to claim 1 Consist of a CuCr alloy after 
sintering constituted from a Cr particle and a Cu phase which encloses this, or infiltrating, and a CuCr 
alloy is received. The time of cooling even to a room temperature, after giving heat treatment with a 
temperature of 750-950 degrees C, The micro- Vickers-hardness value Hv of Cu matrix phase in a CuCr 
alloy is 60 or more. And the larger particle diameter of the Cr particles in a CuCr alloy than 20 
micrometers (when particle shape is a polygon, an elUpse, and an infinite form particle) The micro- 
Vickers-hardness value Hv of Cr particle with the diameter of circle when converting tiie area into the 
area of a circle is characterized by having the contact which is 240 or less. 
[0012] First, after heat-treating at 750-950 degrees C, generally the hardness value Hv of Cu after 
cooling even to a room temperature is less than [ Hv=60 ]. Now, since a hardness value is not 
sufficiently high, the contact front face at the time of mechanical closing motion and an arc-ed tends to 
receive breakage. As a result to stabilization of a restrike property, it turned out that it is not enough. 
[0013] On the other hand, heat treatment with a temperature of 750-950 degrees C is given, and the 
breakage on the front face of a contact at the time of mechanical closing motion and an arc-ed is 
mitigated by making the hardness value Hv of Cu matrix phase when cooling even to a room 
temperature more than Hv=60. The means which makes the hardness value Hv more than Hv=60 is 
possible by choosing suitably metallurgical means, such as adjustment of the particle size distribution of 
the Cr particle itself distributed for example, in Cu phase, the class of minor constituent which exists in 
Cr particle and adjustment of an amount, adjustment of the deposit condition of Cr to the inside of Cu 
phase, and adjustment of distortion which remains in Cr particle. 

[0014] On the other hand, heat treatment with a temperature of 750-950 degrees C is given, and the 
breakage on the front face of a contact at the time of mechanical closing motion and an arc-ed is 
mitigated by making the hardness value Hv of Cr particle in the CuCr alloy when cooling even to a 
room temperature into less than [ Hv=240 ]. In order to make a hardness value into less than [ Hv=240 ] 
and to manufacture the usual Cr particle which generally has several micrometers to several 100 
micrometers particle diameter, disintegration of the massive Cr is carried out by the grinding method. It 
is possible mechanical and by choosing a thermal means suitably for mechanical strong processing 
given to Cr lump at the process which carries out disintegration to adjust workability and heat treatment 
temperature for the magnitude of distortion which remains inside Cr powder after grinding etc. 
[0015] Cr after grinding usually has the hardness of Hv=240 ** (value exceeding 240) -300. Thus, by Cr 
particle whose Hv value is Hv=240 ** (value exceeding 240), a crack occurs by the mechanical and 
thermal impact at the time of closing motion and cutoff, or that part is seen to be fractured or divided 
and drop out of Cu matrix phase. Such a condition is not observed by Cr particle in less than [ Hv=240 ] 
which was denied after workability adjustment at a disintegration process, distortion picking processing, 
or alloying, and was obtained by picking processing. 

[0016] That is, according to the multiplication-eflfectiveness by the combination of making the hardness 
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value Hv of making the hardness value Hv of Cr particle into less than [ Hv=240 ], and the above 
mentioned Cu matrix phase more than Hv=60, while reducing especially restrike occurrence frequency, 
the variation width of face of restrike generating is also reduced. 

[0017] In addition, by Cr particle smaller than 20 micrometers, since it is influenced of a measurement 
technique top Cu phase, the precision of the hardness value to measure depends the object paying 
attention to tiie hardness value of Cr particle with the larger particle diameter of the Cr particles than 20 
micrometers on the reason which is not enough. Also in the following publications, it is the same. 
[0018] The vacuum circuit breaker conceming this invention according to claim 2 Cr particle which 
made 1st Cr particle which has the particle diameter of the range of 60-300 micrometers among Cr 
particles 50 % of the weight or more, Consist of a CuCr alloy after sintering constituted from a Cu phase 
which encloses this, or infiltrating, and a CuCr alloy is received. The time of cooUng even to a room 
temperature, after giving heat treatment with a temperature of 750-950 degrees C, The micro-Vickers- 
hardness value Hv of Cu matrix phase in a CuCr alloy is 60 or more. And the micro- Vickers-hardness 
value Hv of Cr particle with the larger particle diameter of the Cr particles in a CuCr alloy than 20 
micrometers is characterized by having the contact which is 240 or less. 

[0019] Cr particle which at least 50 % of the weight in all Cr particles made 1st Cr particle with the 
particle diameter of the range of 60-300 micrometers by this invention according to claim 2 here, The 
hardness value Hv of Cu matrix phase after passing through predetermined heat treatment to the CuCr 
alloy which the remainder constituted from a Cu phase By giving the requirements which make the 
hardness value Hv of Cr particle with the larger particle diameter of more than Hv=60 and all the Cr 
particles than 20 micrometers less than [ Hv=240 ], the arc-proof expendability of a contact is improved, 
consequentiy it contributes to stabilization of a restrike property. However, at less than 50 % of the 
weight, arc consumption of an ingredient makes size the dry area on a large next door and the front face 
of a contact, consequently the amount of 1st Cr particle of all the Cr particles increases the variation 
width of face of the occurrence frequency of restrike. 

[0020] The vacuum circuit breaker conceming this invention according to claim 3 Cr particle which 
made 1st Cr particle which has the particle diameter of the range of 60-300 micrometers among Cr 
particles 50 % of the weight or more, and made 2nd Cr particle with a particle diameter 44 micrometers 
or less 50 or less % of the weight. Consist of a CuCr alloy after sintering constituted from a Cu phase 
which encloses this, or infiltrating, and a CuCr alloy is received. The time of cooUng even to a room 
temperature, after giving heat treatment with a temperature of 750-950 degrees C, It is characterized by 
having the contact whose micro- Vickers-hardness value Hv of Cr particle with a larger particle diameter 
than 20 micrometers the micro-Vickers-hardness value Hv of Cu matrix phase in a CuCr alloy is 60 or 
more, and is 240 or less. 

[0021] Namely, Cr which made 2nd Cr particle in which the range of 44 micrometers or less has 1st Cr 
particle which has the particle diameter of the range of 60-300 micrometers among all Cr particles 50% 
of the weight or more 50 or less % of the weight, The hardness value Hv of Cu matrix phase after 
passing through predetermined heat treatment to the CuCr alloy which the remainder constituted from a 
Cu phase More than Hv=60 a total ~ by giving the requirements which make the hardness value Hv of 
Cr particle with the larger particle diameter of the Cr particles than 20 micrometers less than [ Hv=240 ], 
while stabiHzing a restrike property for concentration of an arc further as a result of reduction-ized 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne,, improvement in an operating characteristic is 
reconciled. 

[0022] The vacuum circuit breaker conceming this invention according to claim 4 1st Cr particle with 
the particle diameter of the range of 60-300 micrometers 50 % of the weight or more, Cr particle group 
which made 3rd Cr particle which has a particle diameter between 1st Cr particle and 2nd Cr particle for 
2nd Cr particle with a particle diameter 44 micrometers or less 50 or less % of the weight 10 or less % of 
the weight, Consist of a CuCr alloy after sintering constituted from a Cu phase which encloses these, or 
infiltrating, and a CuCr alloy is received. After giving heat treatment with a temperature of 750-950 
degrees C, it is characterized by having the contact whose hardness value Hv of Cr particle with a larger 
particle diameter than 20 micrometers the hardness value Hv of Cu matrix phase in a CuCr alloy when 
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. cooling even to a room temperature is 60 or more, and is 240 or less. 

[0023] 1st Cr particle which the range of 60-300 micrometers has among all Cr particles Namely, 50 % 
of the weight or more, Cr particle which made 3rd Cr particle which has a particle diameter between 1st 
Cr particle and 2nd Cr particle for 2nd Cr particle which the range of 44 micrometers or less has 50 or 
less % of the weight 10 or less % of the weight, The hardness value Hv of Cu matrix phase after passing 
through predetermined heat treatment to the CuCr alloy which the remainder constituted from a Cu 
phase More than Hv=60 a total - by giving the requirements which make the hardness value Hv of Cr 
particle with the larger particle diameter of the Cr particles than 20 micrometers less than [ Hv=240 ], 
while reduction-izing concentration of an arc further, consequently stabilizing a restrike property, 
improvement in an operating characteristic is reconciled. The variation width of face of an operating 
characteristic is also made to reduce by furthermore controlling the amount of 1st Cr particle, 2nd Cr 
particle, and 3rd Cr particle into such a ratio. 

[0024] In a vacuum circuit breaker according to claim 1 to 4, the sum total of Cr particle is 5 - 60 % of 

the weight, and this invention according to claim 5 is characterized by the remainder being Cu. 
[0025] The hardness value Hv of Cu matrix phase after passing through predetermined heat treatment 
here More than Hv=60 a total ~ at less than 5 % of the weight, even if the sum total of the amount of Cr 
(s) of the CuCr alloy which gave the requirements which make the hardness value Hv of Cr particle with 
the larger particle diameter of the Cr particles than 20 micrometers less than [ Hv=240 ] gives 
predetermined requirements Both a restrike property and an operating characteristic serve as instability 
by lowering and conductive lowering of arc-proof expendability. 

[0026] On the other hand, the sum total of the amount of Cr(s) of a CuCr alloy becomes unstable [ a 
temperature rise property and a contact resistance property ] at 80 % of the weight or more, and both a 
restrike property and an operating characteristic serve as instability too. 

[0027] In addition, in a vacuum circuit breaker according to claim 1 to 5, the sum total of Cr particle in a 
CuCr alloy is made into 5 - 60 % of the weight, one of 1 or less % of the weight, or the Te and Se can be 
added for one of Bi, Pb, and the Sb(s) 5 or less % of the weight as an auxiliary component, and the 
remainder can also be set to Cu. 

[0028] Here, if existence of Bi of the specified quantity in the inside of Cu phase is 1 or less % of the 
weight, it stabilizes the contact surface dry area after current cutoff few, and makes restrike generating 
level still lower. At 1% of the weight or more of Bi, the frequency of restrike generating is made to 
increase and there is nothing preferably. Similarly, the existence of Te, Se, Pb, and Sb of the specified 
quantity in the inside of Cu phase also stabilizes the contact surface dry area after current cutoff, and 
makes restrike generating level low. 

[0029] Furthermore, aluminum or Si may be added 1 or less % of the weight as an auxiliary component. 
[0030] Here, existence of aluminum of the specified quantity also stabilizes a current operating 
characteristic fiirther while making restrike generating level low. Moreover, if the amount of aluminum 
exceeds 1 % of the weight, the dry area of the contact piece front face for the big energy processing at 
the time of cutoff will be caused, and lowering of the property [ exhausting /-proof] and a joining-proof 
property and destabilization of a restrike property will be caused. Moreover, while existence of Si of the 
specified quantity also makes restrike generating level low, a current operating characteristic is also 
stabilized further. Moreover, if the amount of Si exceeds 1 % of the weight, the dry area of the contact 
piece front face for the big energy processing at the time of cutoff will be caused, and lowering of the 
property [ exhausting /-proof ] and a joining-proof property and destabilization of a restrike property 
will be caused. 

[0031] This invention according to claim 6 is characterized by permuting a part of Cr particle by one 
chosen from less than 50% of the weight of Ti, V, Nb, Ta, W, and Mo in a vacuum circuit breaker 
according to claim 1 to 5. 

[0032] Here, by permuting a part of Cr to the amount of Cr(s) by less than 50% of the weight of one of 
Ti, V, Nb, Ta, W, and the Mo, the mechanical strength of the whole Cu-Cr contact raw material is made 
into size, and restrike generating caused by omission of Cr particle serving as a trigger is relief-ized. If 
the amount of Ti, V, Nb, Ta, W, and Mo to Cr exceeds 50 % of the weight, the thermionic emission 
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^ from which these elements serve as the main factor will prosper, and an operating characteristic will be 
reduced. 
[0033] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail. 
[0034] By observation of artificers, the following knowledge was acquired [ generating / the ingredient 
condition of a Cu-Cr contact, and / restrike ] about the relevance between the material property before 
and behind cutoff, and variation generating of restrike. 

[0035] As for a Cu-Cr contact, it is general to finish-machine with polish, grinding, or a cut means. 
However, in addition, variation was looked at by generating and the operating characteristic of restrike 
also considering many contents (manufacture conditions, processing conditions, etc.) of Cu-Cr as fixed. 
The chip of omission of Cr particle, exfoliation, and Cr particle edge, a scratch-like blemish, the flow 
(Cu hangs even on Cr particle) of Cu phase part, etc. existed in the contact front face variously as a 
result of observation of artificers. Functionality was accepted as the cause between the variation in the 
difference in the workability in the micro field on a contact side, i.e., restrike generating, and the 
difference in the uniformity coefficient of the degree of hardness in a micro field. This inclination is 
manufacture lot-to-lot [ of a contact raw material ], and was observed also all over the micro field of a 
contact of one sheet. 

[0036] Generally, the hardness value Hv of Cu (pure copper) in the room temperature when giving heat 
treatment with a temperature of 750-950 degrees C is less than [ Hv=60 ]. If the hardness value Hv of 
Cu phase in a Cu-Cr alloy is made more than Hv=60 by choosing the particle size distribution of Cr 
particle etc. suitably, mechanical closing motion and breakage on the front face of a contact after an arc- 
ed are mitigated, and while reducing restrike occurrence frequency as a result, the variation width of 
face of restrike generating will also be reduced. 

[0037] massive, in order to manufacture the usual Cr particle with several micrometers to several 10 
micrometers particle diameter — disintegration of the Cr is ground and carried out. Under the present 
circumstances, since mechanical strong processing joins Cr lump, a residual and minute impurities of 
distortion remain in Cr. Cr has the hardness of Hv=240 ** (value exceeding 240) -300 under the effect. 
By Cr particle whose hardness value Hv is Hv=240 ** (value exceeding 240), the phenomenon of crack 
initiation, fracture, fission, and its part dropping out of Cu phase by the mechanical and thermal impact 
at the time of closing motion cutoff is seen. On the other hand, such a condition is not observed by Cr 
particle in less than [ Hv=240 ] which was obtained by adjustment of the particle size distribution of Cr 
particle, workability adjustment at a disintegration process, distortion picking processing or the 
distortion picking processing after alloying, etc. 

[0038] Namely, by making hardness Hv of Cr particle in Cu-Cr into less than [ Hv=240 ], and making 
hardness Hv of Cu phase more than Hv-60, the difference of the degree of hardness of Cr particle in a 
Cu-Cr alloy and Cu phase serves as smallness, and a desirable processing surface state is acquired in the 
case of mechanical finish-machining of a contact, and it will be in a desirable condition to the target 
reduction in restrike. 

[0039] On the other hand, if the contact which has Cu phase below Hv=60 by Cr particle which is 
Hv=240 ** (value exceeding 240) is chosen As a result of not acquiring a desirable processing surface 
state but the difference of the degree of hardness of Cr particle and Cu phase causing the congestion of 
an arc, and concentration on the occasion of mechanical finish-machining of a large next door and a 
contact, by generating of the local abnormality evaporation phenomenon of a contact side, generation of 
a surface dry area, etc. It is disadvantageous to improvement in an operating characteristic in the 
reduction in restrike. 

[0040] If an external magnetic field (for example, vertical field) is given to such a contact and the 
current value more than constant value is intercepted, an arc will show the inclination which stagnates in 
the location of one point or two or more points which cannot predict contact drawing, will carry out 
abnormality fusion of a part of contact eventually, and will reach a cutoff limitation. Moreover, by 
abnormality fusion, the metallic fumes generated by instant explosive evaporation check remarkably the 
insulating recoverability of a vacuum circuit breaker which suited the opening process, and cause much 
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more degradation of a cutoff limitation. Furthermore, abnormality fusion makes huge ****, and causes 
the dry area of a contact side, consequently also causes lowering [ exhausting / an ingredient / unusual ] 
of a withstand voltage property, and the increment in a restrike incidence rate. If it cannot predict at all, 
as for where [ on a contact side ] the arc used as the cause of these phenomena stagnates, it is desirable 
to give the surface conditions which can carry out migration diffusion, and a means to promote 
migration diffusion to a contact, without the generated arc making it stagnate. This operation gestalt 
offers the one desirable condition. 

[0041] It is dependent on fluctuation of the amount of Cr(s) in an alloy, the grain size of Cr particle, 
particle size distribution, extent of the segregation of Cr,- extent of the hole which exists in an alloy, etc. 
at stabihzation of the property of a CuCr alloy. Much more stabilization of a restrike property found 
especially that the surface type voice which is formed of the mutual relation between Cr particle in a 
CuCr alloy and Cu matrix in addition to the above was very important That is, it became clear that it 
was necessary to observe the occurrence frequency of the restrike of a vacuum bulb about the degree-of- 
hardness relation of Cr and Cu in an alloy. 

[0042] Here, the conditions of the characterization of the following examples and the example of a 
comparison and an approach are explained. 

(1) Operating characteristic : while attaching the experiment bulb for blocking tests equipped with a 
contact with a diameter of 70mm in the switchgear, after giving baking, electrical-potential-difference 
aging, etc., it connected with the circuit (24kV and 50Hz), and comparative evaluation of the cutoff 
limitation was carried out per three vacuum bulbs, increasing a current at a time by about IkA. 

(2) Restrike property : the dimmer UNTABURU mold vacuum bulb was equipped with the disc-like 
contact piece with a diameter [ of 30mm ], and a thickness of 5mm, and the restrike occurrence 
frequency when intercepting the circuit of 24kVx500A 2000 times was displayed. 

[0043] in addition, a scale factor when, as for a result, occurrence frequency sets the occurrences of an 
example 1 to 1.0 - it is - the case of less tiian 0.1 - (A), and 0.1-1.0 - (D), and 3.0-10 were displayed 
for (C), and 1.5-3.0, and (Y) and 30 or more were displayed [ (B), and 1.0-1.5 ] for (X), and 10-30 as 

(Z)- 

(3) The content of sample offering Cr powder ; the particle diameter made Cr powder which is in the 
range between [the Cr particle 2], the [Cr particle 1], and the [Cr particle 2] about Cr powder which is in 
[the Cr particle 1] and the range of 44 micrometers or less about Cr powder in the range of 60-300 
micrometers [the Cr particle 3], and prepared each, 

[0044] Hereafter, an example and the example of a comparison are explained witii reference to drawing 
1 - drawing 6 . 

[0045] (Examples 1-2, example 1 of a comparison) The outline of the assembly of the experiment bulb 
for blocking tests is shown first. The insulation container made from the ceramics (principal component: 
AL 203) which ground the average surface roughness of an end face to about 1.5 micrometers was 
prepared, and heat-treatment 1600 degrees C ago was performed before the assembly about this 
insulation container made from the ceramics. As sealing metallic ornaments, the nickel-Fe alloy was 
prepared 42% with a plate thickness of 2mm. As low material, the Ag-Cu alloy plate was prepared 72% 
with a thickness of 0. 1mm. Each part material which carried out [ above-mentioned ] preparation has 
been arranged so that airtight sealing junction may be possible between solder-ed (the end face and 
sealing metallic ornaments of the insulation container made from the ceramics), and the airtight sealing 
process of sealing metallic ornaments and the insulation container made from the ceramics was 
presented in the vacuum ambient atmosphere of 5x10 to 4 Pa. 

[0046] Subsequentiy, the content of the sample offering contact material and manufacture conditions are 
shown. 

[0047] First, the particle diameter made Cr powder which is in [the Cr particle 1] and the range of 44 
micrometers or less about Cr powder in the range which is 60-300 micrometers [the Cr particle 2], and 
prepared each. 

[0048] As an example 1, Cu powder prepared separately was mixed with Cr chosen from [the Cr particle 
1] so tfiat it might be set to Cu-25 % of tiie weight Cr. 
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[0049] As an example 2, the ratio of [the Cr particle 1] and the [Cr particle 2] mixed Cu powder 
prepared separately with Cr mixed Uke [Cr particle 1] 50-75 % of the weight and [Cr particle 2] 25-50 % 
of the weight so that it might be set to Cu-25 % of the weight Cr. 

[0050] As an example 1 of a comparison, the ratio of [the Cr particle 1] and the [Cr particle 2] mixed Cu 
powder prepared separately with Cr mixed like [Cr particle 1] 10-25 % of the weight and [Cr particle 2] 
75-95 % of the weight so that it might become Cu-25% Cr. 

[005 1] 4t/mm of each mixed powder was cast by 2, it was sintered, and the Cu-25%Cr alloy was 
obtained. 

[0052] To the molding object of Cu powder and Cr powder, assessment gave 1060-degree C heat- 
treatment, and was used as the Cu-25%Cr alloy. Each characterization made the property of an example 
1 the relative value of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. to the criterion (for 
adjustment of a degree of hardness, temperature is chosen suitably). 

[0053] The meaning of this invention is observing the degree of hardness Hv of Cu phase in this alloy 
after giving reheating processing with a temperature of 750-950 degrees C and cooling even to a room 
temperature to the Cu-Cr alloy which was ratio-mixed [ predetermined ], sintered Cr powder with a 
predetermined particle diameter, and obtained it, and the degree of hardness Hv of Cr particle. 
[0054] So, in this example and the example of a comparison, the raw material which is in the range of 
Hv=l 80-240 in Hv=60-70 and Cr particle in Cu phase in this alloy was elected, and the trial was 
presented. Control is easily possible by adjusting other classes, amounts of components, etc. of a 
component in the molding pressure force in case adjustment of the degree of hardness in this case 
acquires a CuCr molding object, a molding means, the holding time with a temperature of 750-950 
degrees C, the cooling rate after reheating, or Cr particle to be used. 

[0055] When the restrike property by said conditions and the operating characteristic were evaluated 
about these contact alloys, in the example 1 (correlation sample) which made [the Cr particle 1] 100 % 
of the weight, and the example 2 which made [the Cr particle 1] 50 - 75 % of the weight, and made the 
remainder [the Cr particle 2], restrike nature showed the range which showed the range of (B) - (D) and 
was stabilized (examples 1-2). 

[0056] To the operating characteristic of the example 1 made into the criterion being 20kA, in the 
example 2, the range of 20-24kA was shown, and the operating characteristic was also stabilized further 

^jj^^ 3|C 5|C ^ jjC 3|S ^ jjc 5|C jjc ^ ^g^^ 

[0057] On the otiier hand, while the restrike property when making into 10 - 25 % of the weight the [Cr 
particle 1] which set the value of said particle diameter of Cr to 60-300 micrometers, and making the 
remainder into [the Cr particle 2] showed (D) - (X) and remarkable lowering was shown, the operating 
characteristic also showed 8-20kA, and showed remarkable lowering (example 1 of a comparison). 
[0058] According to the microscope observation on the front face of a contact after evaluating a restrike 
property and an operating characteristic, omission of Cr particle etc. were not seen but the breakage on 
the contact side of examples 1-2 was flat breakage. 

[0059] In the example 1 of a comparison, as compared with examples 1-2, arc consumption is size and 
intense irregularity also with the large surface dry area has generated the contact. Especially, 
concentration of an arc was reduction-ized as compared with the example 1, and, as for the example 2, 
consumption showed the inclination also with few the surface dry area by smallness. The direction of Cr 
in which [the Cr particle 1] and the [Cr particle 2] in a predetermined ratio were made to exist shows the 
surface state stabilized by even after the arc-ed (examples 1-2). 

[0060] However, the effectiveness is not demonstrated when [ when the ratio of [the Cr particle 1] and 
tiie [Cr particle 2] is suitable ] out of range (example 1 of a comparison). 

[0061] (Examples 3-4, examples 2-3 of a comparison) In said examples 1-2 The time of reheating the 
inside of a Cu-Cr alloy at 750-950 degrees C, and coohng even to a room temperature, The effectiveness 
given to the restrike property when changing the ratio of the [the Cr particle 1] and the [Cr particle 2] 
which occupy the hardness Hv of Cu phase in this alloy in Cr particle after seting hardness Hv of 
Hv=60-70 and Cr particle constant in Hv= 180-240, and an operating characteristic was shown. 
[0062] However, even if the technique of this invention changes the ratio of [the Cr particle 1] and the 
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^ [Cr particle 3], without restricting to this, it demonstrates good effectiveness to a restrike property and 
an operating characteristic. Namely, when the ratio of the [Cr particle 1] occupied in Cr particle in this 
alloy is [ the remainder [the Cr particle 3] ] 5 - 10 % of the weight at 90 - 95 % of the weight (example 

3) , At 20 - 45 % of the weight, when the remainder [the Cr particle 3] is 5 - 10 % of the weight (example 

4) , the ratio of 50 - 75 % of the weight and the [Cr particle 2] [ the ratio of [the Cr particle 1] ] The 
restrike property in comparison with the property of an example 1 (criterion) showed the restrike 
property which was stabilized in (B) - (C) in the example 3, and was stabiHzed in the range of (A) - (B) 
in the example 4. 20-24kA was demonstrated in the example 3, and the operating characteristic also 
demonstrated the 24kA stable high operating characteristic in the example 4 (examples 3-4). 

[0063] On the other hand, while the restrike property when making into 70 - 85 % of the weight the [Cr 
particle 1] which set the value of said particle diameter of Cr to 60-300 micrometers, and making the 
remainder [the Cr particle 3] into 15 - 30 % of the weight showed (D) - (X) and remarkable lowering 
was shown, the operating characteristic also showed 8-16kA, and showed remarkable lowering (example 
2 of a comparison). 

[0064] Furthermore, while the restrike property when the ratio of [the Cr particle 2] makes [ the ratio of 
[the Cr particle 1] ] the remainder [the Cr particle 3] 15 - 30 % of the weight at 20 - 45 % of the weight 
70 to 85% of the weight showed (D) - (X) and remarkable lowering was shown, the operating 
characteristic also showed 8-16kA, and showed remarkable lowering (example 3 of a comparison). 
[0065] According to the microscope observation on the front face of a contact after evaluating a restrike 
property and an operating characteristic, omission of Cr particle etc. were not seen but the breakage on 
the contact side of examples 3-4 was flat breakage. In the examples 2-3 of a comparison, as compared 
with examples 3-4, arc consumption is size, the surface dry area is also large and irregularity has 
generated the contact. Moreover, in the example 2 of a comparison, sharp lowering of a restrike property 
and an operating characteristic is seen also by lowering of a restrike property, and also the example 3 of 
a comparison by the increment in the capacity in a contact raw material at the increment in capacity. 
[0066] (Examples 4-5 of a comparison) In said examples 1-4 and the examples 1-3 of a comparison The 
time of reheating the inside of a Cu-Cr alloy at 750-950 degrees C, and cooUng even to a room 
temperature. Demonstrating desirable effectiveness to a restrike property and an operating characteristic 
about the case where both hardness of Cu phase in this alloy and hardness of Cr particle are in the 
predetermined range (the hardness Hv of Hv=60-70 and Cr particle is the range of Hv= 180-240 for the 
hardness Hv of Cu phase) was shown. However, in spite of having shown the desirable property that an 
operating characteristic is 20-24kA when the hardness of Cr particle was in the range of Hv=240 ** 
(value exceeding 240) -275 which is not desirable even if the hardness of Cu phase was in the desirable 
range of Hv=60-70, the restrike property showed (D) - (Y) and showed remarkable lowering (example 4 
of a comparison). 

[0067] On the contrary, in spite of having shown the desirable property that an operating characteristic is 
20-24kA also when the hardness Hv of Cu phase was in the range of Hv=40-50 which is not desirable 
even if the hardness Hv of Cr particle was in the desirable range of Hy= 180-2 10, the restrike property 
showed (D) - (X) and showed remarkable lowering (example 5 of a. comparison). 
[0068] According to the microscope observation on the front face of a contact after evaluating a restrike 
property and an operating characteristic, in the example 4 of a comparison, generating of a crack or a 
crack is observed by Cr particle and instability is looked at by the restrike property. Moreover, in the 
example 5 of a comparison, the surface crack by closing motion or cutoff was accepted in Cu phase. 
[0069] (Examples 5-7, examples 6-7 of a comparison) In said examples 1-4 and the examples 1-5 of a 
comparison The time of reheating a Cu-Cr alloy at 750-950 degrees C, and cooling even to a room 
temperature, after seting the amount of Cr(s) in a CuCr alloy constant at 25 % of the weight. The 
effectiveness given to the restrike property when changing the ratio of the [the Cr particle 1], the [Cr 
particle 2], and the [Cr particle 3] which adjust the hardness Hv of Hv=60-70 and Cr particle to the 
range of Hv= 180-240, and occupy the hardness Hv of Cu phase in this alloy in Cr particle, and an 
operating characteristic was shown. 

[0070] However, the technique of this invention demonstrates good effectiveness to a restrike property 
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.and an operating characteristic, without the amount of Cr(s) in a CuCr alloy restricting to 25% of the 
weight. That is, the example 5 whose amount of Cr(s) in this alloy is 5 % of the weight showed the 
restrike property stabilized in the range of (B) - (C) also in the example 7 (B) - (C) and whose amount of 
Cr(s) are 60 % of die weight in the example 6 (C) - (D) and whose amount of Cr(s) are 40 % of the 
weight. Furtiiermore, in the example 5, 16-20kA was demonstrated in 20-24kA and the example 6, and 
the operating characteristic also demonstrated the 16-20kA stable high operating characteristic in the 
example 7 (examples 5-7). 

[0071] On the other hand, although the operating characteristic when making the amount of Cr(s) in this 
alloy into 2.5 % of the weight showed 16-20kA and was the range of acceptance, it was conductive 
lowering [ exhausting / arc-proof], and the restrike property showed (D) - (X) and showed remarkable 
lowering (example 6 of a comparison). Furthermore, although the restrike property when making the 
amount of Cr(s) in this alloy into 80 % of the weight showed (C) - (D) and was the range of acceptance, 
the operating characteristic was destabilization of a temperature rise property and a contact resistance 
property, showed the unstable operating characteristic to reverse and showed 5-12kA and remarkable 
lowering to it. (Example 7 of a comparison) . 

[0072] According to the microscope observation on the front face of a contact after evaluating a restrike 
property and an operating characteristic, omission of Cr particle etc, are not seen, but the breakage on 
the contact side of examples 5-7 is flat breakage, and the desirable surface state is maintained to a sex at 
the time of a restrike property and cutoff. In the examples 6-7 of a comparison, as compared with 
examples 5-7, arc consumption is size, the surface dry area is also large and irregularity has generated 
the contact, 

[0073] (Examples 8-14, examples 8-9 of a comparison) In said examples 1-7 and the examples 1-7 of a 
comparison The time of reheating a Cu-25Cr alloy at 750-950 degrees C, and cooUng even to a room 
temperature especially about a CuCr alloy, The effectiveness of giving the ratio of the [the Cr particle 
1], tiie [Cr particle 2], and the [Cr particle 3] which adjust the hardness Hv of Hv=60-70 and Cr particle 
to the range of Hv= 180-240, and occupy the hardness Hv of Cu phase in this alloy in Cr particle to the 
restrike property when considering as the predetermined range and an operating characteristic was 
shown. 

[0074] However, without restricting to a CuCr alloy, the technique of this invention permutes a part of 
Cr which demonstrates the function of the arc resistance at the time of cutoff of the 1st auxiliary 
component XI (at least one of Xl=Ti, and the V, Nb(s), Ta, W and Mo) of the specified quantity, and 
demonstrates [ as opposed to / as CrXl / a restrike property and an operating characteristic ] good 
effectiveness. 

[0075] When [ in <examples 8-9 and the examples 8-9 of a comparison, i.e., this alloy,> ] 7.5% of the 
weight of Ti was chosen as Cr as XI 12.5% and it considered as Cr+Ti=20 % of the weight, the restrike 
property by which the desirable range of (B) - (C) was stabilized was shown (example 8), Also when it 
considered as Cr+Ti=12. 5+12. 5=25 % of the weight, the restrike property by which the desirable range 
of (B) - (C) was stabilized was shown (example 9). Furthermore, the operating characteristic also 
demonstrated the 20kA stable high operating characteristic also by 24kA and the example 9 in the 
example 8 (examples 8-9), In the examples 8-9, having raised the mechanical strength of a contact has 
contributed to stabilization of a restrike property. 

[0076] On the other hand, when [ in this alloy ] 30% of the weight of Ti is chosen as Cr as XI 12.5%> 
(Cr+Ti=42.5 % of the weight.) Although the 16-20kA stable operating characteristic was demonstrated, 
the unstable restrike property which is not desirable as for (D) - (Y) was shown in Cr<Xl . Since there 
are more XI amounts than the amount of Cr(s), the effectiveness of Cr which has the operation which 
graduates the contact front face after cutoff is not fully demonstrated (example 8 of a comparison). 
Moreover, when [ in this alloy ] 30% of the weight of Ti was chosen as Cr as XI 30% (Cr+Ti=60 % of 
the weight), the 5-12kA unstable operating characteristic was demonstrated upwards, and the unstable 
restrike property which is not desirable as for (C) - (X) was shown. Since there are many XI amounts, it 
is because the effectiveness of Cr which has the operation which graduates the contact front face after 
cutoff is not fully demonstrated (example 9 of a comparison). According to observation, in the example 
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8 of a comparison after cutoff, the diy area on the front face of a contact is increasing. Moreover, in the 
example 9 of a comparison, the contact temperature rise at the time of cutoff showed lowering of an 
operating characteristic in size. 

[0077] Although the <examples 10-14> above-mentioned examples 8-9 and the examples 8-9 of a 
comparison showed the effect of [ at the time of choosing Ti as an auxiliary component to Cr ], and the 
Umit of XI amount (the amount of Ti) over the amount of Cr(s) XI in this invention showed the restrike 
property of the range of (A-B), and the 16-20kA operating characteristic also as CrXl which permuted a 
part of Cr by V, Nb, Ta, W, and Mo (examples 10-14) of the specified quantity, without restricting to Ti, 
and demonstrated the same effectiveness. 

[0078] (Examples 15-16, example 10 of a comparison) In said examples 8-14 and the examples 8-9 of a 
comparison, the effectiveness was checked about the effect which carries out a part of Cr which 
demonstrates the function of arc resistance about a CuCr alloy to the restrike property at the time of 
permuting of the 1st auxiliary component XI, and an operating characteristic at the time of cutoff. 
[0079] However, the technique of this invention demonstrates [ as opposed to / as CrX2 which contained 
aluminum (aluminum) as 2nd auxiliary component X2 of the specified quantity for a part of Cr which 
demonstrates the function of arc resistance / a restrike property and an operating characteristic ] good 
effectiveness (examples 15-16). 

[0080] The specified quantity of the amount of aluminum as an auxiliary component X2 demonstrated 
the restrike property by which the desirable range of (A) - (B) was stabilized, and the 24kA stable high 
operating characteristic at the time of 0.05 % of the weight (example 15). Furthermore, the restrike 
property by which the desirable range of (C) - (D) was stabilized also when the specified quantity of the 
amount of aluminum was 0.1 - 1.0 % of the weight, and the 20kA stable high operating characteristic 
were demonstrated (example 16). However, when the amount of aluminum was 3.5 % of the weight, 
lowering (8-12kA) of the unstable restrike property which is not desirable as for (Y) - (Z), and an 
operating characteristic was shown (example 10 of a comparison). In the example 10 of a comparison, 
lowering remarkable to destabilization and operating characteristic of a restrike property was seen by 
expendability-proof and joining-proof nature lowering. 
[0081] (Examples 17-26, examples 11-15 of a comparison) 

Even if it contains 1 or less % of the weight of the 3rd auxiliary component X3 (X3=Bi) which 
demonstrates the function of joining-proof nature at the time of examples 17-18 and the <example 1 1 of 
comparison> cutoff, a property with a good example of an operating characteristic (the restrike property 
of (C) - (D), 20-24kA, and 16-20kA) is demonstrated (examples 17-18). On the other hand, when 5% of 
the weight of the 3rd auxiliary component X3 (X3=Bi) is contained, while lowering of expendability- 
proof and ********-proof shows the restrike property of (Y) - (Z) and shows remarkable instability, an 
operating characteristic shows 5kA or less, and serves as sharp lowering (example 1 1 of a comparison). 
[0082] Even if it contains 1 or less % of the weight of the 3rd auxiliary component X3 (X3=Pb) which 
demonstrates the function of joining-proof nature at the time of examples 19-20 and the <example 12 of 
comparison> cutoff, an operating characteristic (the restrike property of (C) - (D), 20-24kA, and 16- 
20kA) is shown, and a good property is demonstrated (examples 19-20). On the other hand, when 5% of 
the weight of the 3rd auxiliary component X3 (X3=Pb) is contained, while lowering of expendability- 
proof and ********^pj.QQf shows the restrike property of (Z) and shows remarkable instability, an 
operating characteristic shows 5kA or less, and serves as sharp lowering (example 12 of a comparison). 
[0083] Even if it contains 1 or less % of the weight of the 3rd auxiliary component X3 (X3=Sb) which 
demonstrates the function of joining-proof nature at the time of examples 21-22 and the <example 13 of 
comparison> cutoff, a property with a good example of an operating characteristic (the restrike property 
of (C) - (D), 20-24kA, and 16-20kA) is demonstrated (examples 21-22). On the other hand, when 5% of 
the weight of the 3rd auxiliary component X3 (X3=Sb) is contained, while lowering of expendability- 
proof and joining-proof nature shows the restrike property of (Z) and shows remarkable instability, an 
operating characteristic shows 5kA or less, and serves as sharp lowering (example 13 of a comparison). 
[0084] Even if it contains 5 or less % of the weight of the 4th auxiliary component X4 (X4=Te) which 
demonstrates the function of joining-proof nature at the time of examples 23-24 and the <example 14 of 
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comparison> cutoff, a property with a good example of an operating characteristic (the restrike property 
of (C) - (D), 20-24kA, and 16-20kA) is demonstrated (examples 23-24). On the other hand, when 8% of 
the weight of the 4th auxiliary component X4 (X4=Te) is contained, while lowering of ******-proof 
and joining-proof nature shows the restrike property of (Z) and shows remarkable instability, an 
operating characteristic shows 5kA or less, and serves as sharp lowering (example 14 of a comparison), 
[0085] Even if it contains 5 or less % of the weight of the 4th auxiliary component X4 (X4=Se) which 
demonstrates the function of joining-proof nature at the time of examples 25-26 and the <example 15 of 
comparison> cutoff, a property with a good example of an operating characteristic (the restrike property 
of (C) - (D), 20-24kA, and 16-20kA) is demonstrated (examples 25-26). On the other hand, when 8% of 
the weight of the 4th auxiliary component X4 (X4=Se) is contained, while lowering of ******-proof 
and joining-proof nature shows the restrike property of (Z) and shows remarkable instability, an 
operating characteristic shows 5kA or less, and serves as sharp lowering (example 15 of a comparison). 
[0086] 

[Effect of the Invention] As explained above, according to this invention, the vacuum circuit breaker 
which was made to stabilize a restrike property and was excellent in the current operating characteristic 
is realizable. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the origmal 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The table Fig. showing the assessment conditions of the examples 1-7 of this invention, and 
tfie examples 1-7 of a comparison. 

[Drawing 2] The table Fig. showing the assessment conditions of the examples 8-16 of this invention, 
and the examples 8-10 of a comparison. 

Prawing 3] The table Fig. showing the assessment conditions of the examples 17-26 of this invention, 
and the examples 1 1-15 of a comparison. 

[Drawing 4] The table Fig. showing the assessment result of the examples 1-7 of this invention, and the 
examples 1-7 of a comparison. 

[Drawing 5] The table Fig. showing the assessment result of the examples 8-16 of this invention, and the 
examples 8-10 of a comparison. 

[Drawing 6] The table Fig. showing the assessment result of the examples 17-26 of this invention, and 
the examples 1 1-15 of a comparison. 

[Translation done.] 
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C r 'f^'nt'>y;&-Xlg!§fiHv*^'240 

[il^lB2] CreTFc7)'5^6 0~3 0 0/timc7)||fflC0 
1 iOC rg^ & 5 Oai%U±i: tf^ 

t fzHm^mcOC u C r 0 . MSC u C r ^ 

^tcMUT, 7 5 0~9 5 0''Cc7)fijg(50SW!ia$:-^X.fc 

u V h y -y ^ □ b'<y ;Jr-:^«$ttH v 5&« 6 

<mA ^'nt'7X^-X®$fi|Hv*«24 OOTrSi^fg 

[11*113] C rS-^CD^^eO-BOOAtmcOiSffli?) 
Si^ttSSrJ^ol^ 1 COC riKTS: 5 0«4%tUit L, 
A An mm<rm.'mm:^^%2(riC rm-'k 5 OS 

i^fiK Lfc^^t* ^^(i?«?ift«C u C r ^^t-tots: D . 
MeCuCr-^tMLT, 7 5 0~9 5 0°COia,gcO 

C r-^^tfiOC u V h ij y ^ J^.fflOV'f ^ nt'-y 
l!l$fflHv*?6 0liLhTJ)-:>T. 20;umj:>)± 
^l^S^ilg^SoC rS^«v-< :7nt:'«y;!:^-Xli§ 

Cif*Ii4] 6 0~3 0 0//mC0Kffl<?DS^l:@SrJ^-9 
|g 1 <7) C r fii^^ 5 0 tta%liLh, AAn mOToSi^ 
ESS:Som2WC r ^i^^ 5 OM:%OT. MIBSS 1 

<oc rmi^i:ig2oc r%^=tt<m(m=tm^^^^w,. 

CuCr^*>^>=5rO, BulECuCr-^^titL-C. 7 

5 0-9 5 o'C£7)?a:g<7)^a$-^ifcft. Mfiictt- 

?^aiL7tBtc7), |?tECuCr-^^4'<7)CuVh>j7^7X 
fflc7)«$ffiHv*i6 0ULh't:'J)'5T, 2 0 Ami 

i^Si'il^S-^^oc r$i^<r)S$eHv5&S2 4 0 

[11*116 ] HUiec rSi^cO-a5&, 5 oaM%*>ico 
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2 

[000 1 1 
[0002] 

[0003] M^mmzii. izmmm, mm 

[0 004] U^t^:*<A.. :iti(^cr)m^<^^izimK 

f¥ms,^'^imi^^'^mx'hi> , z<7)^m^^tix^^ 
h^<mmmzi^K^xii. :r-^'tmm^:mmzm 
oj;3^2aijt±io^js. ^mtit-^mm-^^miz 
ct-o-Cs muii^mm. m&mt'<r)i:oiz^^cr, 

20 ffl^(w^o/^«j^itf3|Sf<7)^JI^ffl*<fffcit. W£*)iZ 

mif::mt^^M^^'<}l'ymmiiX\>^ltiK 

[0005] mn£. i^^^imt Ltim^t 

IX. Cri5 0MM%m&-kt^'tfzCu-Cr'^± 
(^^4 5-3 5 1 0 1-t) ^i^^ilX^-^l, 

^{i, c r e«:*ic u bn&mmom&m^^mLi}- 

30 itm^}^tlX$'miiX^-^i, 

[0006] ZCO-^±li. vStt;K(7)igv^C r Sr^ffl tt 

iii6H»<^siRs -mvumx. m^m 

m-^j:biz-\-mim.L^j:ti^^is^<^MmwM {jmxm 

^£>£) Uz^. mmMii-^hmj^.)^^mi.\.zWMLts: 
[000 7] Li)>L. ^«o«^ri!it^Jni^**'oSiiL 

m^x'h-^xmjm'nm.-ii'^^hix. zfim^b 
^j:'^x'm^mm^'±^^ii^^hix.-^<^^mif 
mt,ixx\^h, 

40 [0008] 

{^m^miLXob^hmm] cncrmm. 

cDmiSJ^Tcom^'^m^mXlX^'^hZbcol^b L 

X. mLmx'i.^j^Mmiiitmwm^j:m.m^^ 
f>im^<7)mmm^mz'<7hixh^^. mi^bix 

^m^^j:b'lzX-:>Xii. n^(0^i)iM.(i>ti?>miz^j: 

50 -^xmrniztm ■ mmLtzm,^MmTi±. (ki^^-^m 



(3) 

3 

[0009] m^izxmf. c u c r-^^mjm'^m 
[0010] z<Dmmmi. mm^^mM^^ 

[0011] 

i mz . mm i iztmmmm^M^mm. 
mtcmmmc u c r-^#*^;^>5: o . c u c r -^^ 

{C^t LT, 7 5 0-95 0'C<Di^(7)m>mi^l fz 

tin. '?-<7)fflmi:ROBpmtc«l 
[0012] , 750-95 Q'cx<nmm<r)^. 

Hv = 6 0*}»fl)l., :ifLX'\i. m-^{m^-^M<ts: 30 

ft^v^. ^mmmmi<^mmznLx\i+^x' 

[0013] Z.MznLX. 7 5 0~9 5 O'CiOSgiO 
:mfnm%m{v'^. Hv = 6 0J?Uit-rs*t:J:o 

Wk. (zvw^Mz^:^hmm.'jt<nm,^mm 40 

[0014] 7 5 0~9 5 O'CiOiaKcOfaj&ffllr 

^«®$i[Hv^. Hv = 2 4 0j.ijlTi:-ri.«tCj:^ 

"^ilh. S§fflSrHv = 24 0mTfc-ri.^«6t:s -<K 

m^^iij^ 1 0 0 mc0^^tt@S-i#-O5i#i0 C r 

mi'm:th\z\i.m.<r)<zrmw&.zi'^x%% 50 
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^i-*. wmmh:Lw^crmzn\jx^-i.^mws(i 
mmmm-mm-imzx-yx-^mxh 1. . 

[00 1 5H5^^COCr(i. a^Hv = 2 4 0ig (2 

4 0$-i@i./^tt) ~3 0 0(05S§$-^rLTl^l.. 
(wHvtt:i!)i-Hv = 2 4 OS ( 2 4 O^Sx/ifi) X'h^ 

xn^imiLt:*). mttnimL^<^-^ii<cu 
K 0 ^8Hit- J: -5 T#/^ H V = 2 4 0 lart^sb * C r 

[00 16] ■r^*)*>C rfii^O@§fiHvS:. Hv = 
2 4 OiJlTfc tl.*i: Bilie UcC u -7 h >; -y ^'J^fflcO® 

sffiHvs-, Hv=6 ow±t-ti>mt<m^^hMiz 
i^immm^iizx-yx. mzW}SM.mM^mm 
i,tmzW!m^<^^<^'ymmmr^ , 

[00 17]^i)\ CrST<5Od^(?)2O//mj:0;*:l= 
V>?,«{i, 2 0//m J: 0/h$V^C rfuTT'^, fflSS* 

^x'^j:^mAizxi> vxf(oaSMi>zi^\>^xh. mmxh 
[0018] mm.2[zumc^^^mz^^%'^m^ 

\t. Cr^l^(^3*>6 0~3 0 0//mf)SiBI<7)a-^BS 

^n^W. 1 r)Si^?& 5 oaa%JiLht t;^^C r si^^ 

7 5 0~9 5 0'Cc7)a]gOi!i5!iSSr4x.:^di, M?Sl3t 
t:-?&at;t^«s C u C r-&^4i<7)C h U >y ^';^ffl 
<7)V>f n h' -y itH V *>' 6 0 lJUiTJ) -5 

Cu C r-^^ifiOC riK^c7)-5*>cO. 20/amJ; 
•5 ;*;#V^m^iIg^it^C ra^iOV^ ^ot'-y 
S$MH V !&<2 4 OiitT-C^§tM&{ii.;^v:; t 

[00 1 9] IS^JS2t3iBa(7)*%BK'ti^C 
rfe^c7)-5*><55/J,^:5r<i:i>5 0a4%**. 6 0-3 0 0 
AimcOKH^oaT-aSSr^f-Pmi «0C rSri^t LtzC r 
S^^t. Sa55&^Cufflfc•C^il^^L?tCuCr■^{^^^L 

•c . n^<r>mmkmtc.^k(r>c u h y -y ;^fflc7)ig§ 

ffiHvS:. Hv = 6 0tJLh, :g:C reT<7)a *><7)2 0 /x 
m J: 0 V ^^^-tt^ $r C r i^^ ffiH v . 
Hv = 24 0mTi:-^4SfrS:#4'f«.f^{::J;-5-C, « 

rs^cDft*«5 oaft%*)tT{i. m^<7}T-mm'^ 
[0020] m^siziistco^^^aaizmMmm^ 



5 

i&j§omi^CriBi^Sr5 0ftl%ULhhL, 44/im 

«§ISf** ^:{i^i«^c u C r ^^*»^>5: 0 . C u C r 

•^t^MLT. 7 5 0~9 5 0°CiO-^iO,WI$r4i. 
^^m, Miati^T'?^ait/i^c^, CuC r-^^cfJiOCu 
VhU -/^'Xffi<7)-7^:J'Ph'-y;i!7-;?.?i$fflHv3!)*60 
JJUiTft^r, 2 0^tmJ:•3:^#V^m^il^iS:J# 

[0021] ■r^:*?^., rie^(0-3 *>T-6 0~3 0 
O/xmcOKBc^^E^gi&j^^SliOC re^S:5 Oa 

4 4 JUL mJ3lT<7)^H«Som 2</)C rS^ 
5 OaS%mTt t;^:C r t . ^J&>'C ufflt Tli^t 

VM)-7^::?.fflc7)Jl§ffiHv$rHv = 6 0tLh, r 

^(7)S§iiH V H V = 2 4 OlilTki- imn-^H^t 

[0022] msm4izMm(0y^mm^M^m^ 

6 0-3 0 0 ju miOSEffl<om™55:J^IS 1 COC 

rS? ^ 5 OSl:%iiUi. 4 4/^ mMTO&W5l:^ 
O^2«Crf4^$5 0Sa:%OT. ^KOCra^h 
m 2 CO C r g^i^i: c7)^^cOiK■^E^2^^^l^ 3 (DCr^^ 

tfc u fflh TiifiSi Lfzmt fzmimcoc u C r 

CuC r-^^tzJ^L-C. 7 5 0-9 5 0'CCO 

u C r ^'P<r>C u V h U >y ^ ;^ffi<Olg$filH v 6 0 

KLhfSi-jT. 2 0/<mJ;t3::*;#V^e^Eg§:}^ 

[0023] t^h-h. rm'(r>o^X\ 60-3 
0 0 x< m(7)|5Hi7)j^|g 1 COC r a^ 5 Oaft%JJt 
±, 4 4 AtmtJlTcO^HcOj^':5||2c7)C rg^S: 5 08 

u-c . ¥m(ommim.fdk(7)c u v b u >y 

§fflHv$:Hv = 6 01jUi. rf4-?c05 *)CD2 0 /i 
v = 2 4 0OTi:fl>gft&ft4-fl.W:J:-?T, T- 

^^■^^tmzMm\im±m±-^iti, mizmi 
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[0024] mm 5 t,z§m<7)^mii. m-m i 

II^I|4<7)l^•r^^*^{^fel)^(7)m^JgBf§l^^i3V^T, C r 
S^O-&H-*i 5-60 m&%X'h •) . SSP^^'C uXhl 

[ 0 0 2 5 ] i i-C'. m^^ymmiBt:m<oc u^h 

'J-/i?Xfflc7)g$fflHv&Hv = 6 0iiUi. -^Crn^ 

^$<lHvS:Hv = 24 0OTt-tS^ff&f+^t^C 
u C r-^^nC r fic7)^t^*^. 5 aft%*#lf (iFJT^<7) 

[0026] C u C r-^iOC r liO'^WS 0 

[0027] f|^17!;Slt5R3l50V^1^*Hc 

mmm^mmis^^x. c u c r-^^tisftsc r 

Si^«-^fh&5-6 0»ft%i:t. ISttfie^tLTB 
20 i. Pb. Sb<0lO^lSM%mT. ^t<{iTe. 
Se«loSr5Sl:%mTJllX, Sas^Cu i:-ri,it 

[0 0 28] ZZ.X\ Cum'^X'COFmMcOBiCO^^ 

%];j±cr)B i ximm.^±mmm^5-^-^xm i 

<m^\ ^mi<ZCum^X'<DPJi^m<^Te^ Se, P 

30 [00 29]Stc. ffl8i!>fi^t)J-ttTAlt:ttiSil:l 
mM.%aTMlXhB:^\ 
[ 0 0 3 0 ] Hlf^<7)A 1 £?)?^ftJi. 

i&<i-itmz. mzm^m^^t^^'it^^i, t 

[003 1 ] if*iB6 ccisii«*^BBf±. m^m 1 
mm5(D\^ttiMzsm<r>M^jm^i>zts\,^x. cr 

Sk^cO-atSr, 5 oa«%*S|cOT i , V. Nb, T 
a. w. Mo i:*)miitLt:l-:>tzX'jXmHLti;it^ 

[0 03 2] ;i;iX\ c'r<7)-||5^Cra{C^Lt:5 0 
M%*Sf<OTi. V. Nb. Ta. MotfOlOt 
J; -5 rm-r J: -5 T , C u - C r ^.ir^^f^^cT) 
50 Cra^c0Si^;&i5l#^i:=5:-pT 
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[0033] 

[00341CU-C rmAmmm^bum^mz 
[oo35]cu-c rm,m. wm. mmmim 

-C r (7)^1*1^ (iBS^fr^JDX^^fr'Sri: ) ^-^t t 

<^m. mm. cr^i^ioxtt, BHt-t^m. 

C u ffla5:}i-cOgrtn { C u r iK^±(z t S ) 
[0036] HE{-. 750-95 0X:«a]g(J0^j5!ia 

V = 6 o*}it'S) . c r fi^^ijg^^ii^ f^jias 

IR-ri.W^i'sT, Cu-C r-^tfiOCuifflc^lil^ffi 
Hv^Hv = 6 0aht-fl.i:. ISMWIiffl^lJiT-^' 

[ 0 0 3 7 ] mf)^^W 1 0 M itKDm^^m^n^M 

(Ol^^T'Crti. Hv = 24 0g (24 0^Sx.^cffi) 
~3 0 0<^®$&i^, f!$itHv*mv = 24 0g 

(240 ^jg^Z-cit) TS)!. C rSTOiraW«B#<7) 

mm. mmmizx-yx^^m. mm. m^^, ^ 
mm><zX'>x%tz H V = 2 4 omTtcj)!. c rati^^-c 

[0 0 38] *f'5:i5*>> Cu-Cr4iiOCriK^«0®$ 
HvS-Hv = 24 OlilTt CufflO®§HvS-Hv 
= eO\::X±.tthmzl-)X. Cu-C r^^4'<7)Cr 

t c uffli:(7)5Eg<7)ii!&MNt 0 . ^5kcr>mwm± 

[0 0 3 9] cntC^^LTs Hv = 24 0^ (24 02r 50 
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mttzm x'h^crm-xnM=eo^<ricnm 

¥izt^j:Ki. mj^(nmmm±±imxizmL. mi^^ 

)^=3:i:'fccfcoT. mMma.Mzwm.<r>m).zn 
[0040] ^<r>i 0 tt&^\,z^mm mtwrn 

■r-s^Sl6I&^^L. m^mz\m^.<ry-^^-kmmm^ 
mmzx->xm.\.fimmAt. mmmzh-ytz 
i«^^i:S:*8<, %t^\,zmmmi. ^-ktsmk^m 

iim^^hmtim^i>z^-iizttmti\\ * 

[ 0 0 4 1 ] C u C r -^^COi^iO^S^LtCJi. -^^^P 

mcorn^. -k^^iz^^i^iKom^tct^zm^t 
mi.z^,^mim<r>i^-mco'Mmuzi,i. hmzm 

^mmt. -^^^iTJC r t C u t O5|g0gf^tCOV^-C. 

[ 0 0 4 2 ] ^ ^ T\ OT^^isM, mm(r)wmm 

( 1 ) mm. : lS@7 0mmC7)S^;S^^^UciilSfT 

■^yy.ns.:!i-'jy-fm^:H-x.ti^k. 24 kv, 50 

( 2 > : m.m Omm. Jg? 5mmiOR«^^ 

4 k V X 5 0 0 AcomSSSr 2 0 0 Olsljgif t^t^tfOfl^ 
[ 0 0 4 3 ] iS«lif6^SE**, Hffifi^ 1 cr>%m. 

$ri. 0 1 L7t^ofg^T\ 0. i^m<^m-^'^ 

(A). 0. 1~1. 0S:(B). 1. 0-1. 5S: 
(C) . 1 . 5-3. 0S:(D).3. 0-lOS: 
(X> , 10-3 05: (Y) . 3 0ia±Sr (Z) tLX 

( 3 ) ftgCC rig^cO|*|g : Wmm^. 6 0-3 0 O/t 
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b [c rs^2] tcomco^mizhi>c rm [C rm 

[0044] WT. 01~a6S:#BgtT. ^MSt^ 

iiffl$ 1 . 5 ;m mizmm tti^y i >/ ^ xmaiMi^g 
SI (ifi^^J-: AL2O3) ^fflSt. iW-tr9S-y^Xi? 10 

iffiiiS^t2ou-c{±, ffli-CHutci 6 0 O'cmnamsk 

mit&Ltc. m^MttX. lRi¥$2mmc04 2%N 
i-Fe-^^^fflSUc. V^l^bLZ. m^O. Im 

X 1 0 - « p a (DM^nrnmrmm^Mtt -t 7 s v xis 
[ 0 0 4 6 ] <^:v^•c^ «iEC«^»4<7)f*g^, mmiz 

OV^TS^-t. 20 
[0047] 4-f . ?4^a:f2*^6 0-300/^ mCOffiH 
CJ)I.Cr^;^Sr [Cr^^=-1] . 4 4 mmT<^|EHt 

^i/^Crh. S"Mffl.&U3tCuiB,^S:Cu-2 5ftt%C 
rt^j:mizm.-^Lti, 

[0049] ^g^j2i:LT. [C ri^^l ] i: [C r 
iKi^2 ] tCOimtf^s [C r^i^l ] 5 0-7 SMS. 
%. [Crfiii^2] 2 5~5 0ai%^0^<^c■S-^Uc 
C r t . mmMLt^C ufi5:C u - 2 5Sfi%C r t 30 

tcmiizm^Ltz. 

[0 0 5 0] Jt^^JltL-C, [Crigt^l] t [Cr 

m-2^b(D\mtK [Crmi^l] 1 0~2 5a* 
%. [ C rfii^2 ] 7 5~9 5fia%c^*D< (Cig-^L;^C 
Crt. SiMffl:lU.:Cu&^&Cu-2 5%Cri:^l. 

[00 5 1] 4 h y/mm^Xm.. M 

*SLTCu-2 5%C r-^^5-#fv:o 

[00 52] Wma. C u«^. C rSi0fi£MW3WU 
X. 1 06 0X^(Oitmm't^X.XCu-25%Cr-^ 40 

commt uz (.^cr)mm<n^umms^rM 
[00 53] :^^sBmmi. m^m.'f-m.m^wr>c 

rmWr^COmi^-^. m tXntlC u -C r^^lZ 

MbX. 7 5 0--r9 5 0'C<nmLcomammi^tM 

l^C r S^^OSJgH V teas LTV^I. . 

[0 0 54] -e^-C-^W^MR itli^JTIi, 
OCuffiiwS^V^T{±Hv = 6 0--'7 0. Cre^l:if*V^ 50 
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1 0 

TaHv= 1 80~240<^^l:*I.S*t2:®ajLIS: 

nmcom&f). 7 5 0-9 5 O'COfflt 

[0055] :Lix(>ff)im-^iz-r)K^xmi^izXi 

11^10 omM%t uzm.m i (^^P-ty^vi-) . 

[Crffii^l] ^5 0-7 5ftt%tL^^ [Crgt 
i^2 ] i: L/tllMeiiJ2 Ti4, S^fflttii. ( B ) - 

(D) mmi:Bb^&Lfifm^^stt: immi-^ 

2) . 

[0056] mmt Lx\^immmi(r)mmwiifj^2 o 
kAxh^coi,zMLxmm2xn. mm^h2o-^ 

[0057] utiiz^Lx. micrcom^imffm^ 

6 0-3 OOumt Ltz [C rg^l ] ?r 1 0—2 5M 

(i. (D) - (X) ^TjiLmi^^i&T^mtmz. M 
llr#ttt8-2 0kA^^tl=Lv^^ST^5^L7t (Jt«c 
l?ill). 

[0058] n<^M.^w. mmmmmuzmmj^ 
^®omMti^{3 i 4 1 . mm] 1 - 2 io^jSffiios 

[0059]ik^Jl-C-(i, 1156^1-2^:^^^ 

bx T~^com^ti^^w.-it^mmm^x'f<nmmMii 

i>'J'-^j:\M\^i^Lfz, fJimmsHn [c rSLTl ] t 

h^^Ltzmmm^^iULx^^i {^ssmi-2) , 

[0060] LA-L [Crn^l ] t [Cr^^2] t 
v^^^^ (itlS^Jl) . 

[006 1 ] (^56^13-4 . itmns ) mmm 

Ml-2Tf±. Cu-Cr-^4'5-750-950°Cfc 
WMB. imMiz t X'<^m Lfz^c^. U-^^^(7)C u ffliO 
S§Hv2:Hv = 60— 70. Crn^com^Hv^H 
v=l 80-24 0C7)iEHT'-^tt?'^±t'<7). Cr'S 
i^+(C.Sftl> [Cr^l^l] , [CrS^2] <7)ib^^ 

mt^^tzmmmmt. mmiz^tm^^^ 

Ltz, 

[0 06 2] Lt^L. *^B^iOM±ifLt[l^»^:< 
[Cr?i^l] t [CrSi^3] COJ:b^Sr^;iTi. B 

Awm. mwmtizMixi^^^iiiiMimti. ttc 

h-h. Wc^-k^<^C rm-^^zmh [C rSi=^l] « 

J:t^*>'9 0-9 5M%T'^ [ C r^S ] A^S - 1 



(7) 

1 1 

~7 5 sfi%. [crm-2'\ ff>itmt^ 2 o~4 5 a* 

%X'm3 [C rnir3 ] A>'5-1 OMRXm (HSfi^ 

tt(i^ss0ij3 ti± ( B ) ~ ( c ) . mmm4 x-it ( a ) 

ttt. IIJSM3T'{i2 0~2 4kA, ||fgM4T1424 
4) . 

[0063] ztuzMLx. mac rWa^agcoitS: 

6 0-3 0 0/iintU>: [Crffi^l] $-7 0-8 5a 10 
&%bLm LCrn^S] Sr 1 5-3 OM%t LTt 
lSf^Ofl.■Sffi:^^± (D) ~ (X) ^S^Ll^Lv%iST$r* 

S^Uc (lt!K^J2) , 

[ 0 0 6 4 3 StC [ C rS^ 1 ] ^itm*^7 0~8 5fi 
*%, [Crm-2} (7)itmifi2 0 ~4 5M%TSg|5 

[C rSi'S] ^ 1 5-3 OM%i: L^cf^tOWjSM!^ 
ttti (D) -(X) SrS^L^U^ffiTS-^f fcftt:, 

f»r^ttt8~i 6 k A^s^ti^tv^ffiT^s^u^ am 
ms) . 20 
[0065] mmm.mmit:mm!^ 
mm<^mm.mmizx h t . mm\ 3 ~4 oti^scDft 

->ti. mm2-'3X'\i. mmms-AtYcMLx. m 

mtr~^rmt<±x\ ^commMith±^<m&t'^^ 
iLTv^i,. tfzimm2X'ii^M.m^^m'x&m 
Mxmm'm(r>{s.r. M(iZimm3X'ij:^:^i(7)mM 

[0066] {imm4^5 ) mimmm 1-4. m 

0lJl-3-e(S. Cu-Cr^^'4'^750-950'Ct 30 
Mi\^LM^lztX'i^mLfz'^cr>. m^±'P^Cum<^ 
m^tcr «i^o®$<7)Pi**%r^«ffl ( c u ^(om 

Hv(i:Hv = 60 — 70. C riK^<7)i®$ H vtiH v = 
180-240OlcH) tCj)l.%^fc-3V^T. S^.Ktf 

Iti, U>t. Cuffl«®§{iHv = 6 0~7 0W«f^ 

l\<-^m&l,Zh'oXh. CriK^«i@$*?Hv = 2 4 0@ 
<24 0SrSi.!^^ffl) —2 7 5c7)iFiL<^l-^SiHt=l> 

mm^i}^2 0'-'24kA<omh\Mm 
^Lx\^tizmh^-r. wjmmm (D)'-{Y) 4o 

[0 0 6 7] 3£(I. C riK[^(7)5|$Hv*mv= 1 80 
~2 1 OcOff^ Lt«t^3j-2T4,, Cuffl«7)g§Hv 
3&iH V = 4 0~ 5 0 fiOif * t < =5rv ^RffltcSi B$k: t . 
iiBf1ttt*^2 0-2 4 k AC0»^ LV^1ftt5-^LTV>l, 

tctto4>-f. nmrnt^ (d) - (x) ^s^l^l 
[0068] nmm. mmtmmitimm^ 
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[0 06 9] (mms-'i . itmi6'^7 ) mmm 

^Jl-4. i:k^Jl~5-C(i. CuCr^^rtJ<7)Crl: 
i 2 5a4%-C-St L^:±t:'s C u - C r ^^5- 7 5 

0-9 5 o'azmmimmztT{%siLtzm). n,-^ 

^4'iOCuffl<?)ig$Hv2:Hv = 6 0-7 0. Crgi^^ 
«®§HvS:Hv = l 8 0— 2 4 OtfOKHfClBSt. C 
rmW2:i5a6S [C r^i^l ] . [Cr%t=F2] . 

[0070] Ltf^V^Wn^M^ii. CuCr-^tfiO 

rfi*>'5ftt%<7)^^j5-C<i ( C ) - (D ) . C r* 

ifiA Qmm.%<ommex\± ( b ) - ( c > , c rSifi 
6 oma.%(r>'mmix'i> ( b ) - { c ) (ry^x-m. 

{42 0-2 4 k A. SI]5te«'J6-C{41 6-2 0kA. HSfe 
0lJ7ti41 6-2 0kA<O$^t7tiSV>3i8lf!^S:^» 

Uc (lltfiW5-7) . 

[007 1 ] C:iX(;*rtT. i^-^^ff^OC ril2-2. 5 
L^^B#OjgBf^{4. 1 6-2 0 k A2r:^L^ 

X. nmmmt (d) - (x) ^s^ti^uv^ffiT^s 

i: L/ii^c7)Si[31i#tt{4 (C) - (D ) ^5r.L^m<r)^ 

mxhhi><D(r). w,zmmmim.±M^^. 

Wm.m'^'^itX. ^S^^jiffiT#14**L5-12 
kAt^tV^fgT^^Uc, (J:tlS0iJ7). 

[0072] Sj^im^tts mmmiumLfz^kcomM. 
mmmmm^ziih.b. mms-imsmm. 

y)Mmmi. m\nmznLxmi-\^mmm.im 
^LTv^i>. mms^ix'ii. mmms-'iumL 
X. i^m7-i^imi}i±x\ ^<rmmmii>±^<w 

[0073] (Illlfi^l8-14. itKI5l]8-9) miSH 
iSMl-7, mmi-^lXU. ^tCuCr-^^lCO 
V>T. Cu-25Cr-^S-750-950'Cfc||Jiea 

Lm^t;4 i^^^+ioc u H 

vS:Hv = 60-70. C r©Ti7)^§ H v §:H v = 1 
8 0-2 4 OOiEiltiPISt. C rSi^cf'tiAJ^^ [C 

m^ffli Ltcmmmm. mmi>z^-tim 

[0074] L*> t*^aH<7)^<li<4. C u C r 

-m: , m^im i «offlm^x i ( x i =t i . 
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C rX 1 i: LTt>. S^Miftt, 5iBr#1tC*f LT^V^ 

[0 0 7 5] <mmm8-9. mm8^9>t^j:h-h 

^■^±'¥(01 2. 5%CrtCXl fctT7. 5fil:%(7) 
T i $-SS?LC r +T i =2 Oafi%t b^^^lcti. 

( B ) ~ ( c ) mt L^^^mm^ttzwmmm 
^Lfz (mmms) . cr+Ti = i2. 5+12. 5 

= 2 5M*%tt;tJi-^tCi) (B) ~(C) £7)i!fSU^ 

jiBfftttt. mmmsxii24kA. mmm9'ch 2 0 10 

9) . ^iSW8~9Tii. «*c7)^IMe<>3SJKS:f^i^±$^i: 

[0 0 7 6] ZtHzMLX.k-^^C012. 5%Cr 
tX 1 1 fC 3 Oag%«T i iMMlfz^ ( C r + 
T i = 4 2 . 5fi*%. C r <X 1 ) l^Ji. 1 6~2 0 

k Affi^^ LtzmmL^^m Lfzh<D<D. ( d ) ~ 

( Y ) coiif t L < =5rv Lf^ , c 

rftj:oi)Xift*>'#v^^. Mmk<7)mmmiw-Mit 

X3 0mM%<r>T am^Lfz^ (Cr+Ti = 60 
M% ) 5 ~ 1 2 k A iO^SS^rMfttS ^# 
t^:±t3. ( C) ~ ( X ) l< ^j:^W-^^^j:n^ 

awttt^^t^c. ximm^^u. mmmm^mmt: 

^^Lit. 30 
[0077] <^WJ 1 0- 1 4>±iimm8-^9. 
itMm8'^9X'ii. C r izntlWm^b IXT i S: 

iMt/?t!t^-^tOfm C r&izm-lX IS (T i fi) 
^OPMtc^v^-C* L/;:3{)i. :^Wmzmift X 1 ii, T i 

w. Mo immio-^iA) x-mmttzcrxiti 

Xh. ( A~B ) c7)liH<7)ff^Slf#tts 1 6-2 0 k A 

[0078] (mmmis^ie. immio)mim 

Jfim~14. JtlSfi»l8~9T'{±, CuCr-^^tOV^ 40 

m 1 (offliijBg^x 1 x-miti^mm^^. m 
m^zM L^mmi>z-^^^x^mm^ms,uz, 

[0079] Li)-^L:^mcomii. iB7-^ttiO«ISg 

^l»tl>Crcr)-g|5$-, F;fSMom2«0fflBI!;^4i-X2 
tttAl (T/l^S-r^A) S:^^Uv:CrX2t tT 

[0080] fflSiJ^^X 2 1 tXcOA 1 MiOBfrgfl*^. 

0 . 0 5itft%<0S*t{i: ( A ) ~ ( B ) c7)$fl; LV^^H 50 
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O^^L!tSji[gii#tti:, 24kAiOggL3t;lfV« 
IfttS-^WLyi 5) , 5gtA 1 «c7)HffSM*^' 

0. 1-1. OMiXcomzh (C) ~-iD) coHftL 
V^SgfflOg^ L7tS;±[311tttti: .20k A<7)^^ Ifzm 

\>^mmmm$itz (mmmi 6) . u»ua i m*^ 

3. 5ai%c?)*^l:{± (Y) ~ (Z) (0$?*L<'2:V^ 

^^s=3rSif5tt!^i: . mmtmr ( 8~ 1 2 k 
A) t:mUz (ihiBc^ji 0) , itmii ox'immn 
tt. mmmin&TX'mmmt<D^^^{ttmmtiz 

[0081] (||1>£0IJ17~2 6. JtS^Ml 1-1 5) 

<iii5fe^j 17-18. mm 1 1 >mmi>zmmm(r> 
mmmmi i mixarc^m 3 cofflau^^x 3 ( x 

3=B i ) ^-^^TtTi.. (C) - (D) «|fi[M!f^ 
tt, 2 0-2 4 k A. 1 6-2 0kA^0Jg8^^:^S:S^L- 
^^?^^^S:l8»fl. (HJtMl 7-18) . MZM 

LT5a»%com3cOffliffi)JjE^X3 (X3 = Bi) S:^ 

*-r^B*t=(i, mm^. mrnmmt^Tiis.rizX'^x. 
(Y) - (Z) <os^m#it^s^t^tv^^^€ffi^^ 
■r t ^^(c. mmm-ii s k aj^it^s^ t^Mi^rffirt ^ 

1. {ibiKWll), 

[0082] <IIJfii5lJ 1 9-2 0 . mm 1 2>ii|lff^ 

izmm^^mm^mm^ immroarco^smm 

fi!t*X3 (X3 = Pb) Sr^qg-fCt. (C)-(D) 
«Bi[M#1fs 2 0-2 4kA. 1 6-2 0kA£7)jiffir 

nmmixB:mm^imti (11MW19-2 
0 ) . c: tiizn LX5 SAxcom 3 oas^fiSi^ji-x 3 ( x 
3=Pb) ^^^Tf^m^ti. mm^. mmmmii<^ 

mrizk-y X. ( Z ) Off *«#ttSr,^ Ll- LV^^^g 
tt^^-r t mz . 5illlr#e(i 5 k AWF^^^ L;Mi=5c<K 
Ti:^rl. (ibif^lll 2) . 

[0083] <^^j2i-22. itmi 3>mm 

izmmm^<r>mmimm^ 1 a*%ijtTiom 3 coisaj 

fi^^X3 (X3 = Sb) &^*LTt>. (C)-(D) 
<^S^M#tt. 2 0-2 4 k A. 16-2 0kA<7))iBr 

2 ) « ^tiizft Lx 5 n&%com 3 offliuBK^^x 3 ( X 
3=sb) i-^m-tm^zii. mmm'&. mmmmm 

^^■tti^iz. Mmm±5kA];m7pLi^^j:i&r 

[0084] <|ISS^J2 3-24. Jt!|SMl4>3illrB# 

\izmm'<&.<r>^mwmh 5mM%&.r<^f^4mm 

)S^X4 (X4=Te) ^^WtTt. {C)-(D) 
(7)||,t&5|!^ft, 2 0-2 4 k A, 1 6-2 0kAcO)ilBf 

m&imi^iif''jMmm»th (11MM23-2 
4) . ;itiizictLX8mm%m4(r>m9t}^^x4 (x 

4=Te) i^^timi. WMEtt. 

Tt3j; . ( Z ) coMIIfttSr^^t^LV^^^Stt 

i:^^ti^lzmmmti±5kAl:m^ti^mi&Tb 
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[0085] <mmi25'-'26. immi 5>iiisfB* 

(X4 = Se) i-t^lXh. (C)~(D) 
20~24kA, 1 6-2 0kA<iO)gBf 

6) . ztnzMLX8m&%<^m4mm^-!^x4 (x 

btpt (itmi 5) . 
[0086] 
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[03 ] :^mcommm 1 7-2 e , ai>'it^^ji 1 

[04 ] 2|!:|&B8(7)SIM« 1 ~7 . SlfitlgM 1 

[05] *iiBjio^)i£{?ij8~ 1 6 , mitmms^ 1 

OiOfHiMm^*-f^0. 

[06 ] :^m<^m^m 1 7~ 2 6 . ^n^jti^fiaj 1 1 
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